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(54) ATMOSPHERIC PLASMA POWDER TREATING METHOD AND 
DEVICE THEREFOR 

(57)Abstract: - : ^ : 

£b PURPOSE: To provide the atmospheric 
plasma powder treating method and device 
therefor capable of reforming the surface of a 
granular body by plasma treatment and 
uniformly reforming the whole granular body. 
CONSTITUTION: An insulator tube 3 is 
provided with a plasma reaction zone 2 
formed by furnishing an electrode couple 1 
consisting of a high-frequency electrode la 
connected to an AC power source 1 1 and a 
grounded electrode lb on the outer periphery. 
A rare gas or a gaseous mixture of the rare gas 
and a reactive gas is introduced from a gas 
inlet 4a at one end of the tube 3 and 
discharged from a gas outlet 4b connected to 
the other end of the tube 3 to produce glow- 
discharge plasma in the zone 2 under 
atmospheric pressure, and the granular body 
supplied to the zone 2 is treated. In this case, a 
granular body as a material 5 to be treated is continuously supplied into the plasma in 
the zone 2, where the rare gas or the mixture of the rare gas and a reactive gas flows 
from a feed port 6 provided between the zone 2 and inlet 4a. 




[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About an atmospheric pressure plasma granular material 



disposal method and its device, in detail, this invention is the glow discharge plasma 
generated inside the insulator pipe under atmospheric pressure, and relates to the 
atmospheric pressure plasma granular material disposal method which carries out 
reforming treatment of the surface of the particulate matter inside an insulator pipe, 
and its device. 
[0002] 

[Description of the Prior ArtJIn order to reform conventionally the surface of the 
granular material used for paints or a catalyst of the filler of composite, and a paint, 
etc. or to make a necessary substance adhere, the plasma granular material disposal 
method using a plasma granular material processing unit is performed. However, as 
shown in drawing 7 , the mixed gas of rare gas or rare gas, and reactive gas is 
introduced from the gas stream entrance 40a of the end part of the insulator pipe 30 
provided with the plasma reaction zone 20 which formed the electrode pair 100 and 
was formed, In the case of the plasma granular material disposal method using the 
plasma granular material processing unit which makes the granular material 50 with 
which it was filled up in the insulator pipe 30 via the filter 120 float, It changed into 
the state where it deposited without the granular material's 50 floating locally and 
some granular materials 50 which are around a wall floating, and what is called a 
blow-by phenomenon occurred, and about this deposited granular material 50, since 
refining of the surface of the granular material 50 was not performed, there was a fault 
that refining became uneven as the granular material 50 whole. 
[0003] 

[Problem(s) to be Solved by the Invention]The place which this invention was made 
in view of the above-mentioned fact, and is made into the purpose reforms the surface 
of a particulate matter by plasma treatment, and there is refining in providing a 
uniform atmospheric pressure plasma granular material disposal method and its 
device as the whole particulate matter. 
[0004] 

[Means for Solving the Problem] An atmospheric pressure plasma granular material 
disposal method concerning claim 1 of this invention, Mixed gas of rare gas or rare 
gas, and reactive gas is introduced from the gas stream entrance 4a of an end part of 
the insulator pipe 3 provided with the plasma reaction zone 2 which formed the 
electrode pair 1 which comprises RF electrode la connected with AC power supply 
1 1, and the earth electrode lb in a peripheral part, and was formed in it, The above- 
mentioned gas is discharged from the gas exhaust 4b which stands in a row in the 
other end of the insulator pipe 3, In an atmospheric pressure plasma granular material 
disposal method which processes a particulate matter which made the plasma reaction 
zone 2 generate glow discharge plasma under atmospheric pressure, and was supplied 
to the plasma reaction zone 2, From the processed material supply port 6 where it had 
between the plasma reaction zone 2 of the above-mentioned insulator pipe 3, and the 
gas stream entrance 4a, a particulate matter which is the processed material 5 is 
continuously supplied into plasma of the plasma reaction zone 2 through which mixed 
gas of rare gas or rare gas, and reactive gas flows. 

[0005] An atmospheric pressure plasma granular material disposal method concerning 
claim 2 of this invention, Use as the processed material 5 intermediate treatment 
material 9 which is the particulate matter continuously processed in plasma of the 
above-mentioned plasma reaction zone 2, and it is returned to the above-mentioned 
processed material supply port 6, From this processed material supply port 6, a 
particulate matter which is the processed material 5 is continuously supplied into 
plasma of the plasma reaction zone 2 through which mixed gas of rare gas or rare gas, 



T i 



and reactive gas flows, and the number-of- times recycling of necessary is carried out. 
[0006] An atmospheric pressure plasma granular material disposal method concerning 
claim 3 of this invention takes out continuously a particulate matter continuously 
processed in plasma of the above-mentioned plasma reaction zone 2. 
[0007]An atmospheric pressure plasma granular material processing unit concerning 
claim 4 of this invention, Mixed gas of rare gas or rare gas, and reactive gas is 
introduced from the gas stream entrance 4a of an end part of the insulator pipe 3 
provided with the plasma reaction zone 2 which formed the electrode pair 1 which 
comprises RF electrode la connected with AC power supply 11, and the earth 
electrode lb in a peripheral part, and was formed in it, The above-mentioned gas is 
discharged from the gas exhaust 4b which stands in a row in the other end of the 
insulator pipe 3, In an atmospheric pressure plasma granular material processing unit 
which processes a particulate matter which made the plasma reaction zone 2 generate 
glow discharge plasma under atmospheric pressure, and was supplied to the plasma 
reaction zone 2, It had the processed material supply port 6 which supplies a 
particulate matter which is the processed material 5 between the plasma reaction zone 
2 of the above-mentioned insulator pipe 3, and the gas stream entrance 4a, and had the 
processed material storing zone 7 which stands in a row in this processed material 
supply port 6. 

[0008] An atmospheric pressure plasma granular material processing unit concerning 
claim 5 of this invention is characterized by a cross-section area of the above- 
mentioned processed material supply port 6 being smaller than a cross-section area of 
the insulator pipe 3 cut to the processed material supply port 6 in a vertical virtual 
surface in a position in which this processed material supply port 6 was allocated. 
[0009] An atmospheric pressure plasma granular material processing unit concerning 
claim 6 of this invention, It had the collector 8 between an end of the insulator pipe 3 
and the above-mentioned gas exhaust 4b in an opposite hand of the above-mentioned 
gas stream entrance 4a, and had the recycling pipe 10 which returns a particulate 
matter which is the intermediate treatment material 9 caught by this collector 8, and 
by which plasma treatment was carried out to the processed material storing zone 7. 
[0010] An atmospheric pressure plasma granular material processing unit concerning 
claim 7 of this invention is characterized by the above-mentioned collectors 8 being 
the cyclone 8a and/or the bag filter 8b. 
[0011] 

[Function]In the atmospheric pressure plasma granular material disposal method 
concerning claim 1 of this invention. As shown in drawing 1 , from the processed 
material supply port 6 where it had between the plasma reaction zone 2 of the 
insulator pipe 3, and the gas stream entrance 4a, By supplying continuously the 
particulate matter which is the processed material 5 into the plasma of the plasma 
reaction zone 2 through which the mixed gas of rare gas or rare gas, and reactive gas 
flows, While it distributes uniformly with the above-mentioned gas and the particulate 
matter which is the processed material 5 goes up the inside of the glow discharge 
plasma of the plasma reaction zone 2 under atmospheric pressure, it passes through 
the plasma reaction zone 2, and plasma treatment is performed continuously. 
[0012]In the atmospheric pressure plasma granular material disposal method 
concerning claim 2 of this invention. Use . as the processed material 5 intermediate 
treatment material 9 which is the particulate matter continuously processed in the 
plasma of the plasma reaction zone 2, and it is returned to the above-mentioned 
processed material supply port 6, In order to supply continuously the particulate 
matter which is the processed material 5 into the plasma of the plasma reaction zone 2 



through which the mixed gas of rare gas or rare gas, and reactive gas flows and to 
carry out the number-of-times recycling of necessary from this processed material 
supply port 6, Since the particulate matter which is the processed material 5 repeats 
the plasma reaction zone 2 which generates glow discharge plasma and circulates and 
passes, the long holding time in plasma space can be taken. 
[0013]In the atmospheric pressure plasma granular material disposal method 
concerning claim 3 of this invention. Without suspending an atmospheric pressure 
plasma granular material processing unit, since the particulate matter continuously 
processed in the plasma of the plasma reaction zone 2 can be taken out continuously, 
the particulate matter by which plasma treatment was carried out by carrying out the 
number-of-times recycling of necessary can be taken out continuously, and it is 
efficient. 

[0014]In the atmospheric pressure plasma granular material processing unit 
concerning claim 4 of this invention. Since it had the processed material supply port 6 
which supplies the particulate matter which is the processed material 5 between the 
plasma reaction zone 2 of the insulator pipe 3, and the gas stream entrance 4a and has 
the processed material storing zone 7 which stands in a row in this processed material 
supply port 6, By introducing the mixed gas of rare gas or rare gas, and reactive gas 
from the gas stream entrance 4a, While it distributes uniformly with the above- 
mentioned gas and the particulate matter which is the processed material 5 goes up the 
inside of the glow discharge plasma of the plasma reaction zone 2 under atmospheric 
pressure, it passes through the plasma reaction zone 2, and plasma treatment is 
performed continuously. 

[0015]In the atmospheric pressure plasma granular material processing unit 
concerning claim 5 of this invention. Since the cross-section area of the processed 
material supply port 6 is smaller than the cross-section area of the insulator pipe 3 cut 
to the processed material supply port 6 in the vertical virtual surface in the position in 
which this processed material supply port 6 was allocated, The mixed gas of rare gas 
or rare gas, and reactive gas does not carry out a diversion of river to the processed 
material storing zone 7, but it flows into the plasma reaction zone 2, and, as a result, 
supply of the particulate matter which is the processed material 5 is performed 
continuously. 

[0016]In the atmospheric pressure plasma granular material processing unit 
concerning claim 6 and claim 7 of this invention. It has the collectors 8, such as the 
cyclone 8a and/or the bag filter 8b, between the end of the insulator pipe 3 and the 
above-mentioned gas exhaust 4b in the opposite hand of the gas stream entrance 4a, 
Since it has the recycling pipe 10 which returns the intermediate treatment material 9 
caught by this collector 8 to the processed material storing zone 7, Since the 
particulate matter which is the processed material 5 repeats the plasma reaction zone 2 
which generates glow discharge plasma and circulates and passes, the long holding 
time in plasma space can be taken. 
[0017] 

[Example]This invention is explained based on the drawing concerning an example 
below. 

|~00181 Drawing 1 is a schematic diagram of one example of the device used for the 
atmospheric pressure plasma granular material disposal method concerning this 
invention. 

[0019]The device used for the atmospheric pressure plasma granular material disposal 
method concerning this invention, As shown in drawing 1, the mixed gas of rare gas 
or rare gas, and reactive gas is introduced from the gas stream entrance 4a of the end 



part of the insulator pipe 3 which has electric insulation, Discharge the above- 
mentioned gas from the gas exhaust 4b which stands in a row in the other end of the 
insulator pipe 3, the plasma reaction zone 2 is made to generate glow discharge 
plasma under atmospheric pressure, and the particulate matter supplied to the plasma 
reaction zone 2 is processed. This insulator pipe 3 is not limited that what is necessary 
is [ especially ] just an insulator, for example, although glass, a plastic, ceramics, etc. 
are used. This insulator pipe 3 is provided with the plasma reaction zone 2 which 
comprised RF electrode la and the earth electrode lb which are connected with AC 
power supply 1 1 at a peripheral part, for example, formed the parallel electrode pair 1 
and was formed. This plasma reaction zone 2 is provided with the electrode pair 1 
constituted with band-like RF electrode la which set the interval and was wound 
around spiral shape, and which is connected with AC power supply 11, and the band- 
like earth electrode lb in accordance with the periphery of the insulator pipe 3, as 
shown in drawing 2 . This electrode pair 1 is not limited that what is necessary is 
[ especially ] just a conductor, for example, although metallic foils, such as copper 
with a binder or aluminum, are used. It is preferred to carry out the ceiling of the 
circumference of the electrode pair 1 by resin, such as silicone. That is, by carrying 
out a ceiling by the above-mentioned resin, a dielectric breakdown is prevented and 
plasma comes to occur only inside the insulator pipe 3 of the predetermined plasma 
reaction zone 2. Drawing 3 is other plasma reaction zones 2 used for the atmospheric 
pressure plasma granular material disposal method concerning this invention. 
Drawing 3 fa) is a top view and drawing 3 (b) is an elevational view. 
As shown in drawing 3, in accordance with the periphery of the insulator pipe 3, 
****** is a rectangle and this plasma reaction zone 2 is provided with the electrode 
pair 1 constituted with RF electrode la connected with curved plate [ in which plane 
view has thickness / which is circular, sets an interval and counters ]-like AC power 
supply 11, and the earth electrode lb. The electric insulating plate 3a which has 
tabular electric insulation counters in the center of abbreviated of the interval of this 
RF electrode la of the electrode pair 1 and earth electrode lb, and it protrudes and 
prepares for the periphery of the insulator pipe 3. A dielectric breakdown is prevented 
by this electric insulating plate 3a, and plasma comes to occur inside the insulator 
pipe 3 of the predetermined plasma reaction zone 2. The above-mentioned electric 
insulating plate 3a is not limited that what is necessary is [ especially ] just an 
insulator, for example, although glass, a plastic, ceramics, etc. are used. Instead of 
using this electric insulating plate 3a, the same effect as the electric insulating plate 3a 
is acquired by carrying out the ceiling of the circumference of the electrode pair 1 by 
resin, such as silicone. The plasma reaction zones 2 shown in drawing 4 are other 
plasma reaction zones 2 used for the atmospheric pressure plasma granular material 
disposal method concerning this invention. 

Drawing 4 fa) is a top view and drawing 4 fb) is an elevational view. 
As shown in drawing 4 , this plasma reaction zone 2, In the plane view rolled in the 
shape of a band, in accordance with the periphery of the insulator pipe 3 ? ******by 
ring shape The rectangular earth electrode lb, It has the electrode pair 1 which 
comprises RF electrode la connected with AC power supply 11, and the earth 
electrode lb and RF electrode la connected with AC power supply 1 1 set an interval, 
and is allocated by turns. The electric insulating plate 3a of the insulator pipe 3 and a 
concentric circle disc-like in plane view protrudes on the periphery of the insulator 
pipe 3, and it has it in the center of abbreviated of each interval of this RF electrode 
la of the electrode pair 1 and earth electrode lb. Thus, any of the plasma reaction 
zone 2 which showed by drawing 2 thru/or drawing 4 may be used as the plasma 
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reaction zone 2 used for the atmospheric pressure plasma granular material disposal 
method concerning this invention. 

[0020] Above-mentioned AC power supply 1 1 is not limited in particular, although it 
can be used from a tens of Hz low frequency wave to 13.56-MHz high frequency. As 
gas introduced from the gas stream entrance 4a of the end part of the above- 
mentioned insulator pipe 3, when rare gas or nitrogen, such as helium or argon, does 
not contribute to a reaction, the reactant low inactive gas of nitrogen etc. can be used 
if needed. As reactive gas, for example Inorganic system gas, such as oxygen, 
nitrogen, ammonia, or carbon dioxide, The organic monomer gas containing fluoride, 
such as C2F4, C^Fe, or CF 4 , The steam etc. of organic monomers, such as the organic 
monomer gas containing silicon, such as a tetraethoxysilane (TEOS) or hexamethyl 
disiloxane, or ketone, alcohol, ether, dimethylformamide (DMF), aldehyde, amines, or 
carboxylic acid, can be used. Here, when an organic monomer is liquefied, since it is 
also atmospheric pressure to carry out bubbling of the rare gas etc. into the fluid of 
this organic monomer, to make an organic monomer evaporate, and to introduce from 
the gas stream entrance 4a of the end part of the insulator pipe 3, it is very easy. 
Introduce the mixed gas of these rare gases and reactive gas, discharge the above- 
mentioned gas from the gas exhaust 4b which stands in a row in the other end of the 
insulator pipe 3, the plasma reaction zone 2 is made to generate glow discharge 
plasma under atmospheric pressure, and the particulate matter supplied to the plasma 
reaction zone 2 is processed. The particulate matter which is this processed material 5 
can use resin, glass, ceramics, metal, or wood, for example, particle diameter or shape 
in particular is not limited, and conditions, such as shape of the insulator pipe 3 or a 
gas flow rate, are suitably set up according to that characteristic. 
[0021]It has the processed material supply port 6 which supplies the processed 
material 5 between the plasma reaction zone 2 of the above-mentioned insulator pipe 
3, and the gas stream entrance 4a, and it stands in a row in this processed material 
supply port 6, and has the processed material storing zone 7. By supplying the 
particulate matter which is the processed material 5 from the particulate matter 
entrance slot 7a with which this processed material storing zone 7 is equipped, From 
the processed material supply port 6, the particulate matter which is the processed 
material 5 is continuously supplied into the plasma of the plasma reaction zone 2 
through which the mixed gas of rare gas or rare gas, and reactive gas flows. It 
distributes uniformly with gas, this particulate matter passes through the inside of the 
glow discharge plasma generated in the plasma reaction zone 2 under atmospheric 
pressure, and plasma treatment is performed continuously. 
[0022]It is desirable for the cross-section area of the above-mentioned processed 
material supply port 6 to be smaller than the cross-section area of the insulator pipe 3 
cut to the processed material supply port 6 in the vertical virtual surface in the 
position in which this processed material supply port 6 was allocated, and it is good 
10 to 50% of more preferably. Namely, when the cross-section area of the processed 
material supply port 6 exceeds 50% of the cross-section areas of the insulator pipe 3 
cut to the processed material supply port 6 in the vertical virtual surface in the 
position in which this processed material supply port 6 was allocated. It becomes easy 
to shunt the mixed gas of rare gas or rare gas, and reactive gas toward the processed 
material storing zone 7 from the gas stream entrance 4a, and in being less than 10%, 
the particulate matter which is the processed material 5 is easily got blocked near the 
processed material supply port 6, and the tendency for supply to the inside of the 
insulator pipe 3 to become difficult comes out. The inside of the insulator pipe 3 may 
not be made to pass a particulate matter in the lower part of the processed material 
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supply port 6, only gas may be passed, for example, porous plate 12 grades, such as a 
glass sintering filter, may be installed. 

[0023]It is desirable to have the collectors 8, such as the cyclone 8a and/or the bag 
filter 8b, between the end of the insulator pipe 3 and the above-mentioned gas exhaust 
4b in the opposite hand of the above-mentioned gas stream entrance 4a. That is, gas 
and a particulate matter are separated by the collectors 8, such as this cyclone 8a 
and/or the bag filter 8b, and gas is discharged from the gas exhaust 4b. On the other 
hand, the caught particulate matter [ finishing / plasma treatment ] may be 
continuously taken out in the lower part of the collector 8. 

[0024]It can return to the processed material storing zone 7 with the recycling pipes 
10, such as recycling piping which stands in a row in the lower part of the collector 8 
by using as the intermediate treatment material 9 the particulate matter [ finishing / 
plasma treatment ] caught by this collector 8. For this reason, the above-mentioned 
intermediate treatment material 9 is returned to the above-mentioned processed 
material supply port 6 as the processed material 5, and is continuously supplied from 
this processed material supply port 6 into the plasma of the plasma reaction zone 2 
through which the mixed gas of rare gas or rare gas, and reactive gas flows. That is, it 
becomes possible to carry out the number-of-times recycling of necessary, and since a 
particulate matter repeats the inside of the glow discharge plasma generated in the 
plasma reaction zone 2 and circulates and passes, it can take the long holding time in 
plasma space. That is, since the plasma reaction zone 2 can be shortened while it is 
effective in plasma treatment, when a long time is a required particulate matter as a 
result, an atmospheric pressure plasma granular material processing unit can be made 
compact. 

[0025]The particulate matter continuously processed in the plasma of the above- 
mentioned plasma reaction zone 2 can be continuously taken out from the treated 
material outlet 10a with which the recycling pipe 10 was equipped. Namely, by 
intercepting the course to the processed material storing zone 7 by the valve 10b 
prepared for the case where a particulate matter is taken out at the treated material 
outlet 10a, and opening the course of the treated material outlet 10a, The particulate 
matter continuously processed in plasma can be continuously taken out from the 
treated material outlet 10a, without suspending an atmospheric pressure plasma 
granular material processing unit. 

[0026] According to the atmospheric pressure plasma granular material disposal 
method of this invention, and its device, by the above. By supplying continuously the 
particulate matter which is the processed material 5 into the plasma of the plasma 
reaction zone 2 through which the mixed gas of rare gas or rare gas, and reactive gas 
flows, While it distributes uniformly with the above-mentioned gas and the particulate 
matter which is the processed material 5 goes up the inside of the glow discharge 
plasma of the plasma reaction zone 2 under atmospheric pressure, it passes through 
the plasma reaction zone 2, and plasma treatment is performed continuously. That is, 
a reaction or film formation in the surface of activation of the surface of a particulate 
matter or a particulate matter, etc. is performed by plasma treatment, refining of the 
surface of a particulate matter is carried out, and refining becomes uniform as the 
whole particulate matter. 

[0027] An example which uses the atmospheric pressure plasma granular material 
processing unit of this invention for below, and reforms the surface of a particulate 
matter by plasma treatment is given. 

[0028](Example 1 of use) The atmospheric pressure plasma granular material 
processing unit concerning this invention performed plasma treatment of silica 



powder. Silica powder (TOKUSHIRU UR; made by Tokuyama Soda Co., Ltd.) with a 
mean particle diameter of 100 micrometers which is the processed material 5 was 
thrown in from the particulate matter entrance slot 7a with which the processed 
material storing zone 7 shown in drawing 1 is equipped. Next, from the gas stream 
entrance 4a 3 as rare gas, helium was carried out by 3-l./and 20-cc the mixed gas for 
/was introduced for C2F4 (tetrafluoroethylene) by making argon into 1-1. a part for 
/and reactive gas. By this, silica powder was supplied to the inside of the insulator 
pipe 3 from the processed material supply port 6, it distributed uniformly with mixed 
gas, the plasma reaction zone 2 which generated glow discharge plasma under 
atmospheric pressure was passed, and plasma treatment was performed continuously. 
Using copper foil as the electrode pair 1 constituted with band-like RF electrode la 
connected with AC power supply 11, and the band-like earth electrode lb, discharge 
frequency was 13.56 MHz, the discharge output of the plasma condition was 200 W, 
and a pressure is 1 atmosphere and carried out processing time in 10 minutes. As a 
result, in unsettled silica powder, as shown in drawing 5 (b), according to X linear- 
light electronic spectroscopic analysis (ESCA). If the peak of fluoride is not checked 
but it supplies to water, with the silica powder which performed plasma treatment, to 
sedimenting in an instant. As it does not sediment at all in water but is shown in 
drawing 5 (a), according to X linear-light electronic spectroscopic analysis (ESCA). 
Near 685 eV of binding energies and F K ll were checked for Fis which is a peak of 
fluoride near 610 eV of binding energies, and the surface of silica powder fluorinated 
and it checked that the coat of a fluorine system was formed. 
[0029](Example 2 of use) In the example 1 of use, the copolymer of styrene with a 
mean particle diameter of 400 micrometers and divinylbenzene is used as the 
processed material 5, Discharge frequency is 90 kHz, 20-cc the mixed gas for /is 
introduced for CF 4 (tetrafluoromethane) as rare gas by making helium into 6-1. a part 
for /and reactive gas, and the discharge output of a plasma condition is 200W. 
A pressure is 1 atmosphere and processing time performed plasma treatment like the 
example 1 of use except having been 5 minutes. 

As a result, in the copolymer of unsettled styrene and divinylbenzene. As shown in 
drawing 6 (b\ according to X linear-light electronic spectroscopic analysis (ESCA). If 
the peak of fluoride is not checked but it supplies to water, with the copolymer of 
styrene and divinylbenzene which performed plasma treatment, to sedimenting in an 
instant. As it does not sediment at all in water but is shown in drawing 6 (a), 
according to X linear-light electronic spectroscopic analysis (ESCA). F 1S which is a 
peak of fluoride was checked near 685 eV of binding energies, and the surface of the 
copolymer of styrene and divinylbenzene fluorinated and it checked that the coat of a 
fluorine system was formed. 
[0030] 

[Effect of the Invention] Since the atmospheric pressure plasma granular material 
disposal method concerning claim 1 of this invention is constituted as mentioned 
above, according to the atmospheric pressure plasma granular material disposal 
method concerning claim 1 of this invention, supply of a particulate matter can be 
performed continuously, and it can distribute a particulate matter uniformly, and can 
perform uniform plasma treatment. 

[0031]The atmospheric pressure plasma granular material disposal method concerning 
claim 2 of this invention, Since it is constituted as mentioned above, according to the 
atmospheric pressure plasma granular material disposal method concerning claim 2 of 
this invention, a particulate matter, It becomes possible to carry out the number-of- 
times recycling of necessary, and since the inside of the glow discharge plasma 



* 

generated in a plasma reaction zone is repeated and it circulates and passes, the long 
holding time in plasma space can be taken. That is, since a plasma reaction zone can 
be shortened while it is effective in plasma treatment, when a long time is a required 
particulate matter as a result, an atmospheric pressure plasma granular material 
processing unit can be made compact. 

[0032]The atmospheric pressure plasma granular material disposal method concerning 
claim 3 of this invention, Without suspending an atmospheric pressure plasma 
granular material processing unit according to the atmospheric pressure plasma 
granular material disposal method concerning claim 3 of this invention, since it is 
constituted as mentioned above, the particulate matter by which plasma treatment was 
carried out by carrying out the number-of-times recycling of necessary can be taken 
out continuously, and it is efficient. 

[0033]The atmospheric pressure plasma granular material processing unit concerning 
claim 4 and claim 5 of this invention, Since it is constituted as mentioned above, 
according to the atmospheric pressure plasma granular material processing unit 
concerning claim 4 and claim 5 of this invention, supply of a particulate matter can be 
performed continuously, a particulate matter can be distributed uniformly, and 
uniform plasma treatment can be performed. 

[003 4] The atmospheric pressure plasma granular material processing unit concerning 
claim 6 and claim 7 of this invention, Since it is constituted as mentioned above, 
according to the atmospheric pressure plasma granular material processing unit 
concerning claim 6 and claim 7 of this invention, a particulate matter, It becomes 
possible to carry out the number-of-times recycling of necessary, and since the inside 
of the glow discharge plasma generated in a plasma reaction zone is repeated and it 
circulates and passes, the long holding time in plasma space can be taken. That is, 
since a plasma reaction zone can be shortened while it is effective in plasma treatment, 
when a long time is a required particulate matter as a result, an atmospheric pressure 
plasma granular material processing unit can be made compact. 



[Claim(s)] 

[Claim lJMixed gas of rare gas or rare gas, and reactive gas is introduced from a gas 
stream entrance (4a) of an end part of an insulator pipe (3) provided with a plasma 
reaction zone (2) which provided AC power supply (electrode pair (1 which 
comprises an RP electrode (la) connected with 1 1), and an earth electrode (lb)) in a 
peripheral part, and was formed in it, The above-mentioned gas is discharged from 
gas exhaust (4b) which stands in a row in the other end of an insulator pipe (3), In an 
atmospheric pressure plasma granular material disposal method which processes a 
particulate matter which made a plasma reaction zone (2) generate glow discharge 
plasma under atmospheric pressure, and was supplied to a plasma reaction zone (2), 
From a processed material supply port (6) where it had between a plasma reaction 
zone (2) of the above-mentioned insulator pipe (3), and a gas stream entrance (4a), An 
atmospheric pressure plasma granular material disposal method supplying 
continuously a particulate matter which is processed material (5) into plasma of a 
plasma reaction zone (2) through which mixed gas of rare gas or rare gas, and reactive 
gas flows. 

[Claim 2]Use as processed material (5) intermediate treatment material (9) which is 
the particulate matter continuously processed in plasma of the above-mentioned 
plasma reaction zone (2), and it is returned to the above-mentioned processed material 



supply port (6), The atmospheric pressure plasma granular material disposal method 
according to claim 1 supplying continuously a particulate matter which is processed 
material (5) into plasma of a plasma reaction zone (2) through which mixed gas of 
rare gas or rare gas, and reactive gas flows, and carrying out the number-of-times 
recycling of necessary from this processed material supply port (6). 
[Claim 3]The atmospheric pressure plasma granular material disposal method 
according to claim 1 or 2 taking out continuously a particulate matter continuously 
processed in plasma of the above-mentioned plasma reaction zone (2). 
[Claim 4]An atmospheric pressure plasma granular material processing unit 
comprising: 

Mixed gas of rare gas or rare gas, and reactive gas is introduced from a gas stream 
entrance (4a) of an end part of an insulator pipe (3) provided with a plasma reaction 
zone (2) which provided AC power supply (electrode pair (1 which comprises an RF 
electrode (la) connected with 1 1), and an earth electrode (lb)) in a peripheral part, 
and was formed in it, The above-mentioned gas is discharged from gas exhaust (4b) 
which stands in a row in the other end of an insulator pipe (3), In an atmospheric 
pressure plasma granular material processing unit which processes a particulate matter 
which made a plasma reaction zone (2) generate glow discharge plasma under 
atmospheric pressure, and was supplied to a plasma reaction zone (2), A processed 
material supply port (6) which supplies a particulate matter which is processed 
material (5) between a plasma reaction zone (2) of the above-mentioned insulator pipe 
(3), and a gas stream entrance (4 a). 

A processed material storing zone (7) which stands in a row in this processed material 
supply port (6). 

[Claim 5]The atmospheric pressure plasma granular material processing unit 
according to claim 4, wherein a cross-section area of the above-mentioned processed 
material supply port (6) is smaller than a cross-section area of an insulator pipe (3) cut 
to a processed material supply port (6) in a vertical virtual surface in a position in 
which this processed material supply port (6) was allocated. 
[Claim 6]The atmospheric pressure plasma granular material processing unit 
comprising according to claim 4 or 5 : 

It is a collector (8) between an end of an insulator pipe (3) and the above-mentioned 
gas exhaust (4b) in an opposite hand of the above-mentioned gas stream entrance (4a). 
A recycling pipe (10) which returns a particulate matter which is the intermediate 
treatment material (9) caught by this collector (8), and by which plasma treatment was 
carried out to a processed material storing zone (7). 

[Claim 7]The atmospheric pressure plasma granular material processing unit 
according to claim 6, wherein the above-mentioned collectors (8) are a cyclone (8a) 
and/or a bag filter (8b). 
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